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INTRODUCTION 
During  the  past  few years  the  relations  between  anaphylactic 
phenomena and the function of the reticulo-endothelial system have 
received a large share of scientific interest.  In a  critical review we 
(Jungeblut (1)) have recently  surveyed the vast amount of information 
which has accumulated from  work in  this field.  While all efforts, 
undertaken with the view point of employing the blockade method in 
the study of anaphy!axis for the prevention of systemic anaphylactic 
shock,  have yielded but  uncertain  or  contradictory results,  more 
significant observations have been made by Klinge (2) who succeeded, 
in preventing completely the development of the local Arthus phe- 
nor0enon in sensitized rabbits, provided the antigen was reintroduced 
into a tissue area, which had been locally blocked by a suitable dose of 
trypan blue.  The toxic action of  heterophile  antisera in animals 
belonging to the 'guinea pig type,' which bears a striking resemblance 
to the symptomatology and pathology of allergic reactions, is charac- 
terized by the occurrence of severe tissue lesions, more extensive than 
what is generally observed in typical protein hypersensitiveness.  It 
has therefore seemed worthwhile to us to investigate, to what extent 
cells of the reticulo-endothelial system are involved in the mechanism 
of this reaction. 
As far as we are aware, there is only one observation of Forssman 
and Skoog (3) recorded in the literature, which deals with the present 
subject.  These authors have reported, that injections of India ink, 
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while protecting against the so-called'carotal symptom complex,' have 
no influence on  the  occurrence of  the inverse  anaphylactic  reaction. 
EXPERIMENTAL  WORK 
In  the  following  experiments  we  studied  the  effect  of  systemic 
blockade upon the development  of systemic shock  in  the  guinea pig 
following  the  injection  of  Forssman  sera.  At  the  same  time  we 
investigated  the influence of local blockade on the occurrence  of  the 
local skin reaction in the animal. 
For the first part of the experiments both blocking agent and heterophile serum 
were introduced by the intravenous route, while in the second part the sermn was 
injected intracutaneously into  areas of  skin,  which  had  previously been  infil- 
trated with the blocking substance.  We have used India ink as well as trypan 
blue for purpose of blockade.  The work was planned so as to include observa- 
tions after different intervals between the establishment of blockade and the in- 
jection of the toxic serum.  The latter was obtained by immunization of rabbits 
with an emulsion of guinea pig kidney cells; for part of the work we have also em- 
ployed an anti-sheep cell hemolytic serum. 
Series/.--In the first series a group of six guinea pits were  injected intrave- 
nously with 2 cc. of a  1:5 dilution of India ink and received at various intervals 
later a dose of 1 cc. of an anti-sheep cell rabbit serum by the same route.  Three 
control animals were injected with the sermn alone.  This particular serum, upon 
careful preliminary titration for toxicity, had yielded a minimum lethal dose of 
0.75 cc.*  The results are tabulated in Table I. 
Series//.--We have compared in this series the respective effect of India ink 
and trypan blue as blocking agents under otherwise similar experimental condi- 
tions.  A total of seven guinea pigs were blocked with 2 cc. of a  1:5 dilution of 
India ink and  an  equal  number  of animals  were  prepared  with  2  cc.  of  a 
1%  solution of  trypan blue.  All'fourteen animals were injected intravenously 
at various intervals since establishment of blockade with 0.75 cc. of an anti-guinea 
pig kidney cell rabbit serum, the minimum lethal dose of which had been found 
before to be 0.5 cc.  For purpose of control we have included in this series again 
three normal animals which received only the serum.  Table II shows the results 
obtained. 
* We have designated as minimum lethal dose the smallest amount of serum, 
which upon intravenous  injection into a  guinea pig (weight  from  250-350g.) 
causes the death of the animal within five minutes.  Somewhat  smaller amounts 
have generally killed the animal within from ten to thirty minutes or on the fol- 
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A  study of the results obtained with the two  experimental  series 
reveals that blockade of  the reticulo-endothelial  system  has  in  the 
majority of the cases resulted in a prolongation of the time of survival 
of the guinea pigs, without however protecting the animals  definitely 
against the lethal action of the toxic serum.  This modification of shock 
was only fully apparent  when  several minutes had elapsed between 
establishment of blockade and the injection of the heterophile  serum. 
As a  rule it was noticeable up  to a  24 hour interval.  We have not 
TABLE  I 
Effect o/Systemic Blockade with India Ink on the Systemic Shock Following 
Intravenous Injection of Heterophile Serumt in the Guinea Pig 
Guinea pig 
No.  Injections of India ink 
2 cc. of 1:5 dilution i.v. 
Injection of  Interval min.  Results* 
serum 
1 cc. i.v.  Died  3 rain. 
"  Died 17 min. 
"  Died 20 rain. 
"  Died 26 min. 
"  Died 1½ hours 
"  Died 2 min. 
5 
30 
60 
90 
120 
24 hours 
Died 3 rain. 
Died 4 min. 
Died 3 min. 
t Anti-sheep red cells rabbit serum. 
* The symptoms before death resembled very closely those of typical anaphy- 
lactic shock.  The autopsy findings showed inflation of the lungs and multiple 
hemorrhages in the kidneys, liver, spleen and lungs. 
found either of the two blocking agents--India ink or trypan blue. 
superior to the other.  We infer from the fact that the simultaneous 
injection of the blocking agent and the immune  serum  was followed 
by typical  shock,  that  neither  the  ink  nor the dye has exerted any 
direct detoxifying action on the serum. 
In view of the uncertain  results obtained with  systemic blockade 
applied to the study of systemic shock, we have carried out further 
experiments in which the influence of local blockade on the  develop- 
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Series III.--In these experiments we have infiltrated a local area of skin (shaved 
abdominal region) with suitable doses of either India ink (1 cc. of a  1:20 dilution) 
or trypan blue (0.5 cc. to 1 cc. of a  1% solution).  The intracutaneous injection 
of the serum was carried out at various intervals later;  the serum was injected 
not only into the maximally blocked area but also into the adjoining areas of par- 
tially blocked skin and likewise into normal skin areas of the same animal, into 
TABLE  II 
Effect of Systemic Blockade with Either India Ink or Trypan Blue on the  Systemic 
Shock Following Intravenous Injection of tieterophile  Immune 
Serumf in the Guinea Pig 
Guinea  pig  Blocking  injections  Injection  of  Interval  n~n.  Results*  No.  serum 
9 
10 
11 
12 
13 
14 
15 
16 
17 
India ink. 
2 cc. 1: 5 dil. 
¢¢ 
Trypan blue 
2 cc. 1% sol. 
~c 
tC 
m 
m 
i.T]. 
0.75 cc.  none 
10 
30 
60 
120 
180 
24 hours 
none 
10 
30 
60 
120 
Died  2 mln. 
Died  2 rain. 
Died  4 rain. 
Died 10 rain. 
Died  8 min. 
Died 12 rnin. 
Died 11 rain. 
Died 
180 
24 hours 
m 
1½ mln. 
Died  2 rain. 
Died  5 rain. 
Died 10 rain. 
Died  9 rain. 
Lived 
Died 14 min. 
Died  2 min. 
Died  5 rain. 
Died  3 rain. 
Jf Anti-guinea pig kidney cells rabbit serum. 
* Symptoms and autopsy findings were as described in Table I. 
which the blocking agent had not diffused.  The latter  served as controls.  The 
serum used for these experiments was the stone Forssman serum employed in the 
second series.  A  minimum  amount of .2 co. of a 1:5 dilution upon titration  on 
the normal guinea pig skin caused a severe local  reaction, consisting of hemor- 
rhagic inflammation on the first  day to bc followed by distinct  necrosis on the 
second or  third day.  Wc have employed this  dose  as  test  dose  in  our  work. CLAUS  W.  fUNGEBLUT  AND  GLADYS  NEWNAN  19 
A  total of six guinea pigs were locally blocked with trypan blue as indicated 
and another six animals were prepared in a similar manner with India ink.  The 
serum was injected immediately, and then at intervals ranging from ten minutes 
to 24 hours.  The tissue reactions following the intracutaneous  injections  of the 
Forssman serum were read two hours after completion of the injection and obser- 
vations were kept up for the next three days.  The results, based on the 48 hour 
reading, appear in Table IIL 
TABLE  III 
E ffea  of Local Blockade on the Development of the Local Skin Reaction 
Following Intracutaneous Injection of Haerophile Serum* 
Local blockade with trypan blue (1 cc. of a 1% 
solution subcut.) 
Guhea  pig No.  lm~rvalmin. 
1  none 
2  10 
3  30 
4  60 
5  180 
6  24 hours 
Reactions in 
I 
maxi-  i partially 
really  [blOrCeked normal  blocked  control 
area 
area 
3+  2+  3+ 
-  2+  3+ 
-4-  2+  3+ 
-  1+  3+ 
+  2+  3+ 
±  -4-  4+ 
Local blockade with India ink (1 cc. o f a 1:20 dil. 
subcut.) 
Guinea 
pig No. 
7 
8 
9 
10 
11 
12 
Interval min. 
none 
10 
30 
60 
180 
24hours 
Reactions  in 
maxi-  pa~a~  nodal 
mMly  blocked  con~ol  blocked  ar~ 
area  area 
3+  3+  3+ 
3+  3+  3+ 
3+  2+  3+ 
3+  3+  3+ 
2+  3+  3+ 
3+  2+  3+ 
* An anti-guinea pig kidney cell serum was used (.2 cc. of 1 : 5 dil.).  The  re- 
suits are based on a 48 hour reading. 
Nomenclature:  4 +  =  very severe reaction with extensive necrosis, 1 X 1 cm. 
3 +  -- severe reaction with necrosis, ½ X ½  era. 
2 +  -- moderate reaction with slight necrosis, ½ X ½  cm. 
1+  -- slight reaction, no necrosis, ½ X ½  cm. 
+  =  very slight reaction, no necrosis, less than ½ X ½  era. 
-  =  no reaction. 
As can be seen from Table III, there were either none or at the most 
extremely faint reactions  in  the  trypan  blue-blocked  areas,  during 
an interval up to 24 hours after establishment of the blockade.  The 
adjoining areas of partially  blocked skin likewise  did not respond as 
much to the toxic action of the serum as the control sites in the normal 
skin which showed fully developed reactions.  On the other hand, the 
areas  blocked with  India  ink  showed lesions  fully as  severe  as  the 20  RETICULO-ENDOTHELIAL SYSTEm  IN  IMMUNITY.  VII 
control sites.  The different effect of the two blocking agents, yielding 
opposite results, was as striking in the positive as in the negative case.* 
DISCUSSION 
The fact that it is not possible by systemic blockade with either 
India ink or trypan blue to prevent the occurrence of fatal systemic 
shock following intravenous injection of heterophile immune serum 
in the guinea pig, is not surprising if we keep in mind the peculiar 
localization of the heterophile antigen in vivo.  Forssman (4) considers 
the kidney as the chief source of the antigen, while according to the 
same author the liver and spleen contain much smaller amounts. 
Since the elements of the reticulo-endothelial system  are primarily 
found in the liver and spleen and are absent in the kidney, it would 
seem that the vital dye has blocked precisely those cells which do not 
contain Forssman's antigen, leaving free access for the serum to the 
store of antigen in the kidneys. 
In the case of the complete inhibition of the local  skin  reaction 
following intracutaneous injection of the heterophile immune serum 
into areas of skin, locally blocked with trypan blue, it is difficult to 
reason along analogous lines.  Very little is known about the quanti- 
ties of heterophile antigen present in the skin and subcutaneous tissue, 
although the severe reactions induced by the serum in the normal skin 
would, a  priori, indicate a rich content of antigen in that structure. 
Details of distribution of the antigen amongst the different types of 
cells in the skin and subcutaneous tissue have, to our knowledge, never 
been investigated (5).  Since the dye is taken up selectively by the 
clasmatocytes (histiocytes), and since trypan blue-blocked areas are 
insusceptible to the toxic action of the serum, it may not be inappro- 
priate to suspect that those cells harbour the antigen.  However, it is 
naturally impossible to make any definite statements on that point 
without careful histological examination of the particular areas.  All 
the experiment proves is the fact that local blockade has interfered in 
* We have also carried out a few experiments in which either the mouse or the 
dog was used as the test animal.  While the mouse proved insusceptible to large 
doses of heterophile serum  by either  the  intravenous  or  intracutaneous  route, 
inhibition of the local skin reaction by local blockade in the dog has not been very 
clear cut.  Our observations are too few, however, to warrant detailed discussion. CLAUS  W.  JUNGEBLUT  AND  GLADYS  NEWNAN  21 
some way with the contact between the heteropl~ile antibody in the 
immune serum and the corresponding antigen in  the  tissues.  As 
regards the difference  between the effect of trypan blue and India ink-- 
the latter being incapable of preventing the full development of the 
locallesion--we are unable to offer any satisfactory explanation.  It is 
interesting to note, that Klinge has also been unsuccessful in prevent- 
ing the Arthus phenomenon in sensitized rabbits, when he used India 
ink as blocking agent, although the experimental conditions are not 
directly comparable.  There is a  possibility that  the much  greater 
diffusibility of the dye and perhaps its more profound injury to the 
cell protoplasma may endow it with its peculiar virtues. 
CONCLUSIONS 
1.  Guinea  pigs  blocked by  intravenous injection of  either India 
ink or trypan blue succumbed with fatal shock after the intravenous 
injection of heterophile immune serum, although the time of death 
was somewhat delayed as compared with normal controls. 
2.  Localblockade  of the skin of guinea pigs with trypan blue inhibited 
completely the development of the characteristic skin reaction follow- 
ing intracutaneous injection of Forssman serum within  the  blocked 
area. 
3.  Infiltration of the skin of guinea pigs with India ink afforded no 
protection  against the full development  of the toxic skin reaction. 
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